To develop a bioanalytical assay using RP-HPLC to quantify the curcuminoid calebin A, to characterize its pharmacokinetics in rats after intravenous (IV) and oral (PO) administration, to identify its pharmacological activities and to evaluate its content in natural health products. Methods: An RP-HPLC method was developed for the detection of calebin A. Separation was carried out using a Phenomenex ® Kinetex ® C18 column with UV detection at 339 nm. An isocratic mobile phase consisting of acetonitrile and water with 10 mM ammonium formate (pH 7.0) (40:60, v/v) at a flow rate of 0.8 mL/min was employed. Linear standard curves were established and applied in the pharmacokinetic study. Calebin A was administered to male Sprague-Dawley (CD) rats IV (20 mg/kg) or PO (500 mg/kg) (n=4/route of administration). Serum and urine samples were collected for 72 h post dose. In vitro antioxidant activity, anti-inflammatory activity (cyclooxygenase and lipoxygenase inhibition), dipeptidyl peptidase-4 (DPP-4) inhibition and cytochrome P450 inhibitory activties of calebin A were examined using commercial assay kits. Content analysis of calebin A in 14 natural health products advertised to contain turmeric were carried out using methanolic extraction. Results: The HPLC method was successfully applied to a pharmacokinetic study of calebin A in rats. After IV and PO administration of calebin A, the compound was detected as the aglycone and a glucuronidated metabolite. Oral bioavailabitily was found to be ~0.5%, serum half-life was ~1-3 h. Calebin A appears to be primarily excreted via non-renal routes. Calebin A possessed concentration-dependent antioxidant activity and DPP-4 inhibition. Calebin A appears to be a non-selective cyclooxygenase inhibitor and also a poor lipoxygenase inhibitor. The curcuminoid displayed in vitro interactions with CYP2D6 and CYP1A2. Content analysis of 14 natural health products that claimed to contain turmeric showed that concentration of calebin A was inconsistent among the products. Conclusion: A successful assay was developed for the detection of calebin A using RP-HPLC. Preliminary pharmacokinetic studies indicate that an unoptimised formulation of calebin A has poor oral bioavailability. Calebin A exhibits various pharmacological activities.
INTRODUCTION
Calebin A ((3E)-4-(4-Hydroxy-3-methoxyphenyl)-2-oxo-3-buten-1-yl (2E)-3-(4-hydroxy-3-methoxyphenyl) acrylate) ( Figure 1 ) is a curcuminoid derived from turmeric (Curcuma longa, Zingeberaceae) (1) . Turmeric is a traditional natural product in Asian medicine and it has been used as a spice, pigment and herbal product with pharmaceutical properties (2, 3) .
Studies show that it has anti-inflamatory, antioxidant, anti-cancer and anti-diabetic activities as well as several other biological responses (4) .
One of the best studied curcuminoid active ingredients of turmeric is curcumin. However, it has been demonstrated that there are other compounds in turmeric that may have potential pharmacological activities (4, 5) .
Calebin A is one of these compounds, and it has been shown to protect cells from β-amyloid insult and to exhibit anti-tumor activity in gastric cells (1, 2, 4) .
Figure 1.
Chemical structure of calebin A Currently, there are few studies in the literature that examine calebin A's pharmacokinetics and pharmacodynamics. It is necessary to describe pharmacokinetic disposition, safety, and the potential health benefits of the compound as it is widely available in some natural health products. The purpose of this study was to develop a bioanalytical method for detection of calebin A using reverse-phase high-performance liquid chromatography (RP-HPLC), to characterize the pharmacokinetics of calebin A in rats after intravenous (IV) and oral (PO) administration, to identify its pharmacological activities and to assess the content of calebin A in commercially available natural health products.
A reliable, sensitive and accurate analytical method is essential to delineate the pharmacokinetic disposition in a rat model. In the present study serum and urine concentration time curves were established and analyzed to obtain valuable pharmacokinetic parameters for calebin A such as the half-life (t 1/2 ) of the compound, volume of distribution (V d ), clearance (CL) and bioavailability (F). Moreover, the urine samples were also analyzed for changes in electrolytes and renal injury markers to determine if calebin A possesses renal toxicity. The pharmacological activities of calebin A were also elucidated. The anti-oxidant capacity, anti-inflammatory activities and anti-diabetic activities of calebin A were performed using in vitro assays. The inhibition of common drugmetabolizing enzymes found in the body by calebin A was also assessed using in vitro assays. The quantity of individual chemical constituents of commercially available natural health products are sometimes not reported on the label. Furthermore, quality control and good manufacturing practices of certain natural health products can be questionable. Therefore, several commercially available natural health products containing turmeric were analyzed for calebin A content using the developed method of analysis to determine uniformity of the manufacturing progress.
MATERIALS AND METHODS

Chemicals and Reagents
Calebin A was provided by Sabinsa Corpotation® (Piscataway, NJ, USA). Apigenin was obtained from Sigma-Aldrich (St. Louis, MO, USA). HPLCgrade acetonitrile was purchased from Fisher Scientific (Pittsburgh, PA, USA). The antioxidant activity kit, cyclooxygenase-1 and -2 inhibitor screening kits, lipoxygenase inhibitor screening kit and dipeptidyl peptidase-4 (DDP-4) inhibitor screening assay kit were purchased from Cayman Chemical Company (Ann Arbor, MI, USA). Vivid® CYP2C9 green screening kit, Vivid® CYP3A4 green screening kit, Vivid® CYP1A2 blue screening kit and Vivid® CYP2D6 blue screening kit were bought from Life Technologies (Burlington, ON, Canada 
Analytical Development Preparation of Standard Solutions
Stock solutions of calebin A (100 µg/mL) and the internal standard (IS) apigenin (100 µg/mL) were prepared in methanol. Using the stock solutions of calebin A, calibration standards in urine and serum were prepared by sequential dilution with blank rat urine and serum. A series of concentrations were obtained, particularly 0.05, 0.1, 0.5, 1.0, 5.0, 10.0, and 50 µg/mL. Moreover, quality control samples were prepared from stock solution of calebin A by dilution with blank rat urine and serum to obtain low, medium and high concentrations (0.075, 0.75, 7.5 and 25.0 µg/mL). All stock solutions were stored at -20°C and protected from light.
Sample Preparation
The standard solution of calebin A (25, 50 or 100 µL), IS (50 µL) and blank rat urine or serum (100 µL) were put in 2.0 mL Eppendorf tubes. 1 mL of cold acetonitrile was added to precipitate the proteins in serum or urine standard curve samples. The standards were vortex mixed (Vortex Genie-2, VWR Scientific, West Chester, PA, USA) and centrifuged at 15,000 rpm for 5 min (Beckman Microfuge centrifuge, Beckman Coulter Inc., Fullerton, CA, USA). The supernatant was collected, transferred to clean Eppendorf tubes, and dried under nitrogen gas until completely dry. The residue was reconstituted with 200 µL of the mobile phase, vortex mixed for 30 s and centrifuged at 15,000 rpm for 5 min. The supernatant was transferred to HPLC vials and 50 µL of the solution was injected into the HPLC system.
HPLC Analysis and Conditions
The HPLC system used was a Shimadzu HPLC (Kyoto, Japan). The compounds were separated on a C18 Phenomenex Kintex® column (2,6 µ, 100 x 4.60 mm). A buffer solution was prepared by dissolving 1.5 mL of ammonium formate in 1L of water and the pH was adjusted to 7.0. The mobile phase was prepared by mixing acetonitrile with the buffer solution (40:60, v/v). The flow rate was kept at 0.8 mL/min with ultraviolet detection wavelength set at 339 nm. The separation was carried out at room temperature (25±1°C). Shimadzu EZStart (Version 7.4) software was used for data collection and integration.
Accuracy, Precision and Recovery
Inter-and intra-day run samples were prepared in a series of concentrations (0.05, 0.1, 0.5, 1.0, 5.0, 10.0 and 50.0 µg/mL). The intraday run precision and accuracy were evaluated from repetitive injections in seven different days. The interday run precision and accuracy was measured from six consecutive injections in one day. Relative standard deviation (RSD) was used to evaluate the precision and the accuracy was estimated from the mean percentage error of weighed concentration to the actual concentration. The recovery samples were prepared from stock solutions of calebin A at the same concentration described above, but without matrix (serum or urine). The samples were injected into the HPLC system in triplicates. The results were defined by comparing the peak area ratio (PAR) of calebin A and IS to the PAR of inter-and intraday run.
Stability
The freeze-thaw stability of calebin A in rat urine and serum was measured in ten concentrations (0.05, 0.075, 0.1, 0.5, 0.75, 1.0, 5.0, 7.5, 10.0, 25.0 and 50.0 µg/mL). The samples were prepared and evaluated and then they were kept at -20°C, thawed at room temperature (25±1°C) and injected into the HPLC system. This cycle was repeated three times. The auto-injector stability was estimated using samples at the same concentrations described above. On the day of the analysis, samples were prepared and injected into the HPLC system. The samples were kept in the same rack overnight, and they were injected again after 24 h.
Data Analysis
Calibration curves were obtained by plotting the peak area ratio of calebin A to the internal standard versus calibration standards concentration, through the unweighted least squares linear regression.
Animals and Surgical Procedures
Male Sprague-Dawley rats (~300 g) were obtained from Charles River Labs (Montreal, Canada). The rats were housed in a temperature and humiditycontrolled room at the animal care facility with 12:12 h light-dark cycle without restriction from food and water. Firstly, the rats were anesthetized using isoflurane (IsoFlo, Abbott Laboratories, Abbot Park, IL, USA) coupled with an oxygen regulator to ensure the surgical plane of anesthesia. Afterwards, sterile silastic cannulas (Dow Corning, Midland, MI, USA) were cannulated in the right jugular vein of each rat and through the dorsal skin an intramedic PE-50 polyethylene tubing (Becton, Dickinson and Company, Franklin Lakes, NJ, USA) was inserted. A non-heparinized 0.9% sterile saline solution was used to flush the cannula. For recovery, the animals were single caged at the animal care facility with free access to food and water for at least 5 days before use. The animals were transferred to metabolic cages and maintained without food overnight, 12 h before dosing. University of Manitoba Office of Research Ethics and Compliance granted the animal ethics approval for our protocol; Approval Number -B2011-064/1/2 (AC 10647)
Pharmacokinetic Study
On the day of the experiment, the animals were dosed IV (20 mg/kg, n=4) and PO (500 mg/kg, n=4) with calebin A in 98% of PEG 400 and 2% of DMSO. Afterwards, blood samples (0.4 ml) were collected at 0, 1 and 15 min, and 0.5, 1, 2, 4, 6, 12, 24, 48 and 72 h for IV dosed rats. For PO dosed rats, blood samples were collected at 0, 0.25, 0.5, 1, 2, 4, 6, 12, 24 and 72 h. Samples were collected in 2.0 mL Eppendorf tubes. After each sample collection, 0.5 ml 0.9% non-heparinized saline solution was used to wash the cannula. Both blood and urine samples were centrifuged at 10,000 rpm for 5 min. The serum was collected, divided into two 0.1 mL fractions and placed into 2.0 mL Eppendorf tubes. Samples were stored at -20°C until their analysis. Urine samples were also collected at 2, 6 12, 24, 48 and 72 h after calebin A administration. The volumes of urine produced were recorded and two 0.1 mL fractions, were placed into 2.0 mL Eppendorf tubes and stored at -20 °C until their analysis. 72 h after dose, the animals were euthanized, exsanguinated, and serum was collected.
Serum and Urine Sample Preparation 50 μL of serum and urine samples were run in duplicate with or without the addition of 10 μL of 500 U/mL β-glucuronidase and incubated on a shaker at 37 °C for 2 h to release any glucuronide conjugates (6). 1 mL of cold acetonitrile was added to precipitate the proteins present in the serum samples. Urine and serum samples were vortex mixed and centrifuged at 15,000 rpm for 5 min. The supernatants were evaporated to dryness under nitrogen gas. The residues were reconstituted with 200 μL of mobile phase, vortex mixed for 30 s, and centrifuged at 15,000 rpm for 5 min. The supernatants were transferred to HPLC vials, and 50 μL of each sample was injected into the HPLC system. β-glucuronidase is an enzyme from Escherichia coli type IX-A responsible for breaking the glucuronidated metabolite into the aglycone form.
The amount of aglycone that was not glucuronidated was differentiated from the group to which the enzyme was not added (free sample). The group that underwent enzymatic hydrolysis (total sample) was used to define the amount of the compound that was glucuronidated. The concentration of glucuronidated metabolite was calculated by subtracting the free sample concentration from the total sample concentration (7, 8, 9) . was used to analyze the samples and obtain the pharmacokinetic parameters. A non-compartmental model of concentration versus time points was used for data analysis. Specific parameters were applied to determine the half-life (t 1/2 ) and rate of elimination through the software. The log-linear phase of declining concentration versus time plot was used to estimate the apparent decomposition rate constant (KE). The renal clearance (CL renal ) was determined by multiplying the fraction of drug excreted unchanged (f e ) with total body clearance (CL total ). Using the equation: t 1/2 = 0.693/KE, the plasma half-life (t 1/2 ) was calculated. The total amount of calebin A excreted in urine was divided by the total dose administered to estimate the fraction excreted unchanged in the urine (f e ) of calebin A. The renal clearance was calculated by the equation: CL renal = f e x CL total Urine Electrolyte and NAG Analysis Urine samples collected in the pharmacokintic study were used to determine urine electrolytes, Cl-, K+ and Na+ using Medica EasyRa automated clinical chemistry analyzer (Medica Corporation Bedford, MA, USA). 25 μL of urine samples were diluted with 475 μL of Medica EasyLyte Urine Diluent for Cl -, K + , and Na + analysis. NAG analysis was performed with urine samples from pharmacokinetic study without dilution using Medica EasyRa automated clinical chemistry analyzer (Medica Corporation Bedford, MA, USA).
Pharmacokinetic Analysis Phoenix
Pharmacodynamic Studies Antioxidant Capacity Measurement
The antioxidant capacities of calebin A and curcumin were determined by an assay that depends on inhibiting the oxidation of ABTS is expressed as Trolox equivalents (μg/mL). Stock solutions of calebin A and curcumin were prepared in DMSO at concentations of 1, 5, 10, 50 and 100 μg/mL. No additional dilution was done. In this particular assay, calebin A and curcumin were dissolved in DMSO rather than methanol, which was used for most of the other assays, to prevent any oxidation of methanol by the peroxide working solution. To run the assay, 10 μL of sample, 10 μL of metmyoglobin and 150 μL of chromagen were mixed in a 96-well plate. Following this, 40 μL of peroxide working solution was added within 1 min to all samples. The plate was covered and incubated on a shaker for 5 min at room temperature (25±1°C), and the absorbance was measured at 750 nm using the Synergy HT multiwell plate reader and Gen5 data analysis software (Biotek Instruments Inc., Winooski, VT, USA). The assay was performed in triplicate. More information regarding the assay protocol, can be found in the kit (Antioxidant Assay kit from Cayman Chemical -Cat. no. 709091).
DDP(IV) Inhibition Determination
A screening of dipeptidyl peptidase IV (DDP (IV)) inhibion was performed based on a fluorescence method. Gly-Pro-Aminomethylcoumarin (AMC) is a fluorogenic substrate used to measure the DDP (IV) activity of calebin A and curcumin when the peptide bonds are cleaved by the action of DDP the free AMC group is released, resulting in a fluorescence that can be detected. Stock solutions of calebin A and curcurmin were prepared in DMSO at concontrations of 0.1, 1.0, 10.0, 50.0 and 100.0 μg/mL. To run the assay, 10 μL of sample was combined with 50 μL of diluted substrate solution. The plate was covered and incubated for 30 min at 37°C. The fluorescence measurement was performed at an excitation of 340/30 nm and an emission of 460/40 nm using the Synergy HT multiwell plate reader and Gen5 data analysis software (Biotek Instruments Inc., Winooski, VT, USA). The assay was done in triplicate. Inhibition was calculated as (( A -B) / A) x 100, where A was the average fluorescence of the wells containing calebin A and curcumin. Additional information about the assay protocol can be found in the instruction manual of the kit (DDP (IV) Inhibitor Screening Assay Kit from Cayman Chemical -Cat. no. 700210). Substrate was added to each well to start the reaction. Less than 2 min after the reaction had started, the fluorescence was measured using the Synergy HT multiwell plate reader and Gen5 data analysis software (Biotek Instruments Inc., Winooski, VT, USA). The assay was done in triplicate. The flourecence readings were measured at 1 min intervals for 60 min. Inhibition was calculated as (1 -( X -B/ A -B)) x 100 %, where X was the average fluorescence of the compound, A was the average of solvent control and B was the average of inbition in the presence of positive inhibitor control. Vivid ® Substrates, positive inhibitors and excitation/emission wavelengths were different from one assay to another. In CYP2C9 the substrate used was Vivid ® BOMF, the positive inhibitor was sulphenazole, and the wavelength settings were 485/20 nm for excitation and 528/20 nm for emission.
CYP450 Inhibition Determination
In the CYP3A4 assay Vivid ® DBOMF Substrate was used, ketoconazole was the positive inhibitor, and the wavelengths for excitation and emission were set at 485/20 nm and of 528/20 nm, respectively. In the CYP1A2 assay Vivid 
Cyclooxygenase Inhibition Determination
A three day commercial assay kit was used to measure the inhibition of COX-1 and COX-2 by calebin A and curcumin. The assay is based on using a non-specific antibody for prostaglandins (PG) to quantify the prostanoid product using an enzyme immnunoassay (EIA). The concentration of PG tracer is constant whilst the concentration of PG is variable. Therefore, the amount of PG tracer that can bind to the PG antiserum is inversely proportional to the concentration of PGs in the well. Concentrations of 1, 10 and 250 μg/mL of calebin A and curcumin were prepared in DMSO. Reagents were prepared according to the manufacturer's instructions. The assay was done in quadruplet. The measurement of absorbance was performed at 415 nm within 10 min of the reaction at room temperature using the Synergy HT multiwell plate reader and Gen5 data analysis software (Biotek Instruments Inc., Winooski, VT, USA). Additional information regarding the assay protocol, can be found in the instructions guide of the kit (COX Inhibitor Screening Assay Kit from Cayman Chemical -Cat. no. 560131).
Lipoxygenase Inhibition Determination
Lipoxygenases are oxidative enzymes responsible for adding a molecular oxygen to fatty acids. The hydroperoxides produced by the reaction are detected and quantified using a purified lipoxygenase. Stock solutions of calebin A and curcumin were prepared in DMSO at concentrations of 1, 10 and 250 μg/mL. 10 μL of samples were combined with 90 μL of lipoxygenase enzyme. 10 μL of linoleic acid was added to start the reaction. The plate was covered and placed on a shaker for 5 min. Then, 100 μL of chromagen was added. The plate was covered and placed on a shaker for 5 min again. The assay was done in triplicate. The absorbance was measured at 500 nm using the Synergy HT multiwell plate reader and Gen5 data analysis software (Biotek Instruments Inc., Winooski, VT, USA). % Inhibition was calculated using the formula (IA -inhibitor/ IA) x 100, where IA is the average of absorbance of inital activity. Additional information about the assay protocol can be found in the instruction guide of the kit (Lipoxygenase Inhibitor Screening Assay Kit from Cayman Chemical -Cat. no. 760700).
Content Analysis of Commercial Health Products
The majority of commercial products obtained were capsules, but there were some tablets as well. Capsule shells were opened and the weight of the powder contents, inside the shell, was recorded. Tablets were crushed until a fine powder form was acheived and the weight was recorded. The fine powders were transferred into 15 mL centrifuge tubes. 4 -6 mL of methanol was added to each tube for extraction. Tubes were vortex mixed and placed on a shaker for 3 h. Then, they were centrifuged at 2,000 rpm for 5 min. 100 μL of supernatant from each extract was collected and aliquoted into 2.0 mL Eppendorf tubes. 50 μL of the internal standard, apigenin, was added to the all samples. Samples were vortex mixed, completly dried under nitrogen gas, and stored at -20°C until analysis. Afterwards, 1 mL of acetonitrile was added to the samples to precipitate the proteins present in the samples (including the enzyme present in the total samples). Samples were completely dried under nitrogen gas. On the day of analysis, samples were reconstituted in 200 μL of the mobile phase and 50 μL was injected into HPLC under the same conditions previously described; this analysis procedure was performed twice.
STATISTICAL ANALYSIS
Data were stastistically analyzed using excel software and were presented as mean and standard error of the mean (mean ± SEM). Where possible, the data were analyzed for statistical significance with a p-value <0.05 being considered statistically significant.
RESULTS
Chromatography
The best resolution for calebin A was acheived after several attempts with different acetonitrile and water ratios were carried out. A mobile phase consisting of acetonitrile and water supplemented with 10 mM ammonium formate pH 7.0, at a ratio 40:60 (v/v) and a flow rate of 0.8 mL/min, facilitated adequate separation.
Apigenin was chosen as an internal standard after testing several compounds. It had different retention time from calebin A and the solvent, resulting in a good baseline separation between calebin A and apigenin. The separation of Calebin A in rat serum urine was accomplished using Kintex®C18 column. Calebin A showed a retention time of 7 min whereas the retention time for apigenin was 4 min in both serum and urine blank samples spiked with calebin A and the internal stadard apigenin ( Figure  2 and Figure 3 ). There were no interfering peaks that co-eluted with the compounds of interest in the chromtogram.
Various parameters such as peak shape, linearity and limit of quantitation (LOQ), interference from endogenous substances in biological fluids, stability of reconstituted extracts and freeze-thraw samples, precision and accuracy were used to assess the HPLC assay performance. 
Linearity, Limit of Quantitation (LOQ), and Limit of Detection (LOD)
Serum
Pharmacokinetics of calebin A
Following administration of calebin A intravenously (20 mg/kg) and orally (500 mg/kg), the dispositions of urine and serum were examined. Rapid decline in the serum concentration versus time profile for IV-dosed calebin A was observered in the first hour, representing a distribution phase ( Figure 5a ) followed by a short elimination phase up to 2 hours. Oral administration of calebin A showed a rapid absorption in the serum with an average T max of 18 min (Figure 5b ).
Pharmacokinetic parameters of calebin A administered IV at a dose of 20 mg/kg and PO at a dose of 500 mg/kg are summarized in Table 1 . Noncompartmental analysis by WinNonlin software was employed to model both serum and urine data. The total serum clearance of calebin A was found to be 61.0 ± 41.6 L/h/kg for IV dosing and 11244.3 ± 5258.4 L/h/kg for PO. The mean fraction extracted in urine unchanged (fe) was 0.43 ± 0.36 % for IV and 0% for PO, indicating that calebin A is cleared mainly via non-renal routes. Renal clearance (CL renal ) was measured at 0.11±0.06 L/h/kg for IV and 0.27±0.24 L/h/kg and hepatic clearance (CL hepatic = CL total -CL renal ) was found to be 60.89 ± 41.58 L/h/kg for IV and 11244.00 ± 5258.16 L/h/kg for PO. The volume of distribution of calebin A was 48.2±11.8 L/kg IV and 12430.7 ± 4332.6 L/kg for PO. The volume of distribution was greater than the total body water, indicating that calebin A is highly distributed into tissues. The mean area under the curve, which represents the total amount of exposure in the serum over time, was 1.55 ± 0.74 hr.μg/mL for IV and 0.17 ± 0.11 h μg/mL for PO. The serum concentration of calebin A declined very rapidly with a mean elimination half-life of 3.43 ± 1.83 h for IV and 1.18 ± 0.36 h for PO. The oral bioavailability for calebin A was determined to be 0.46%.
The presence of the parent compound, calebin A and its glucuronidated metabolite was detected in the analyzed urine samples for both routes of administration. The total cumulative urinary excretion plot indicates that calebin A is excreted predominantly in the aglycone form for IV administration and in the glucuronidated metabolite form for PO administration (Figure 5c, 5d) . The half-life of calebin A in urine was determined to be 2.07 ± 1.86 h for IV. The urinary excretion plots (Figure 5e , 5f) indicates that calebin A and its glucuronidated metabolite had similar rates of excretion after IV dosing but the glucuronidated metabolite appeared to have a greater rate of excretion compared to the aglycone after PO administration.
The total dose of calebin A administered was 20 mg/kg for IV and 500 mg/kg for PO. The average weight of the rats in the experiment was ~300 g. Therefore, each rat received ~6 mg of calebin A IV and 150 mg PO. The plots of cumulative amount excreted in urine versus time (Figure 5c, 5d) show that the total amount excreted for both the aglycone and glucuronidated forms (~30 μg and 5 μg, respectively for IV, and 1 μg and 6 μg, respectively for PO) were very small compared to the overall dose administered (~6 mg and 150 mg for IV and PO, respectively). This further indicates that calebin A is eliminated predominantly by non-renal routes. Following IV and PO administration of calebin A, no significant difference was found in NAG and electrolytes excretion ( Figure 6 ). Therefore, this suggests no evidence of kidney injury. n/a 0.46 n/a t 1/2 urine (h) 2.07 1.86 n/a n/a KE urine (1/h) 1.71 1.54 n/a n/a f. 
Pharmacodynamics of Calebin A Cytochrome P450 Inhibition Assays
Cytochrome P450 are group of metabolic enzymes that are mainly found in the liver. These enzymes are divided into families according to their function. CYP1, CYP2 and CYP3 are the main families related to the oxidative metabolism of drugs (10) . In the CYP2C9 screening assay, calebin A and curcumin were shown not to inhibit the enzyme at 0.01 and 0.1 μM. At 10 μM calebin A showed a greater inhibition potential, but at 50 and 100 μM, curcumin showed greater inhibition activity towards CYP2C9 compared to calebin A (Figure 7a ). In the CYP3A4 assay, at concentrations of 0.01 and 10 μM calebin A demonstrated a better inhibitory activity compared to curcumin. At 0.1, 1.0, 50 and 100 μM concentrations curcumin was a greater inhibitor of CYP3A4 compared to calebin A. At 50 and 100 μM curcumin showed a greater inhibition potential compared to assayed concentrations of the positive control ketoconazole (100 μM) (Figure 7b ). In the CYP1A2 screening assay, calebin A demonstrated greater inhibitory activity in comparision to curcumin at all tested concencentations (except at 100 μM, where the mean inhibitory effects were almost the same). At 10 and 50 μM calebin A showed greater inhibition potential than assayed concentrations of the positive control α-naphthoflavone (Figure 7c ). In the CYP2D6 assay, calebin A had greater inhibitory activity in comparison to curcumin at all tested concentrations except at 0.1 μM curcumin showed a stronger inhibition effect than calebin A ( Figure  7d ).
Anti-inflammatory Activity
Cyclooxygenases (COXs) are enzyme that convert arachidonic acid to prostaglandins. Cyclooxygenases exists in two isoforms: COX-1 (constitutive) and COX-2 (inducible) (11) . Studies have demonstrated that curcumin can inhibit prostaglandin synthesis (12) . Therefore, to assess the selective COX inhibitory activity for curcumin and calbin A, their 50% inhibitory concentration (IC 50 ) values towards COX-1 and COX-2 were determined. The IC 50 values of COX-2 and COX-1 for each compound were used to calculalate the ratio of IC 50 of COX-2 : IC 50 of COX-1. If the COX ratio is >1, then the compound is a preferential inhibitor of COX-2. If the COX ratio = 1, then the compound has non-selective antiinflammatory activity towards the two COX isoforms.
d. Curcumin and calebin A were also assessed for their inhibitory activity towards lipoxygenase. Lipoxygenase converts arachidonic acid to inflammatory leukotrienes, hydroxyeicosatetraenoic acids and lipoxins (mediators of inflammation resolution) (14) . Therefore, a compound that inhibits lipoxygenase will exhibit anti-inflammatory activity. Curcumin has shown to be an inhibitor of lipoxygenase. On the other hand, calebin A demonstrated some activity, but its lipoxygenase inhibition was considered poor (Figure 9 ). 
Antioxidant Activity
The oxidative stress in cells is related to the pathogenesis of many human diseases due the imbalance between the immune system and oxidants. Antioxidants have the power to bind to free radicals and decrease cellular damage (11) . Figure 11 shows the antioxidant activity of calebin A and curcumin in units of Trolox equivalents (μg/mL). The baseline samples (DMSO only) had a low antioxidant capacity (~ 0.02 μg/mL). The results demonstrate that curcumin exhibited a greater antioxident effect than calebin A. Both calebin A and curcumin showed a greater antioxidant capacity compared to the baseline samples. Table 2 lists the names of the 14 commercial health products that were analyzed for calebin A content. The amount of turmeric claimed on the package of the commercial health product was detected in some products. As previously stated, calebin A is derived from turmeric.
DISCUSSION
An analytical method for detection and quantification of calebin A using RP-HPLC was developed and validated. No interfering peaks coeluted with calebin A or the internal standard. To our knowledge, this is the first published study on the pharmacokinetics of calebin A in any species. The pharmacokinetic analysis of Calebin A in serum and urine following IV and PO administration revealed the presence of the parent compound as well as a conjugated metabolite. This indicates that calebin A was orally absorbed and was eliminated through renal and and non-renal routes. Furthermore, the urinary excretion data showed that the mean fraction excreted unchanged in urine (f e ) was 0.43 ± 0.36 following IV administration of calebin A ( Table 1 ). The IV dose of calebin A was 20 mg/kg, while the PO dose was 500 mg/kg for a 300 g rat which translates into a total IV dose of ~6 mg and PO dose of ~150 mg for each animal.Comparing the total amount of calebin A and its glucuronidated metabolite excreted in urine after IV and PO administration shows that ~30 μg of the aglycone and 5 μg of the glucuronidated metabolite were present in the urine after IV administration compared to 1 μg as the aglycone and 6 μg as the glucuronidated metabolite after PO administration. Taken together, the results indicate that calebin A is primarily excreted by nonrenal routes. In addition, the high value of hepatic clearance (60.9 ± 41.6 L/h/kg for IV and 11244.0 ± 5258.2 L/h/kg for PO) also confirms that caliben A is predominently eliminated via non-renal routes such as hepatic clearance. The urine electrolytes analysis showed that there were no significant differences between electrolytes or NAG excreted in the urine. Thus, no evidence of acute kidney injury was determined. This is consistent with reported studies that indicate the absence of toxic effects of curcumin, even at high doses (up to 5 g/kg) (19) . Additionally, the parmacokinetic disposition of calebin A in this study demonstrates that it has a low oral bioavailability (~0.5%) and a short half-life ( t 1/2 urine~ 2 h and t 1/2 serum~ 3 h) Although there are no published studies delineating pharmacokinetics of calebin A, the poor bioavailability of curcumin in rodents has been stated in previous pharmacokinetics studies (15, 16, 17) . Factors contributing to the poor bioavailability of curcumin are poor solubility and absorption coupled with its rapid metabolic elimination through reduction and conjugation reactions which limits calebin A's systemic exposure. (15, 18) . Likewise, there are no reported studies on the pharmacological activities of calebin A; however, there are studies examining the pharmacological effects of curcumin. Recent evidence has shown that curcumin exhibits anti-inflammatory activity through several pathways. Curcumin inhibits COX-2, LOX, iNOS, production of cytokines, and also the activation of transcription factors (11) . Conversely, our study revealed that curcumin is a COX-1 inhibitor and that calebin A is a nonselective COX inhibitor. Published studies in the literature have linked the anti-diabetic potential of curcumin with its anti-inflammatory and antioxidant properties (24) . In this study, the antidiabetic activity of curcumin and calebin A were analyzed via their potential to inhibit DDP(IV). Although calebin A was shown to be a poor inhibitor of DDP(IV) curcumin demonstrated that it has superior inhibition properties towards DDP(IV) compared to calebin A. Addtionally, many studies have stated that curcumin has potential antioxidant activity (11, (21) (22) (23) . Metabolic dysfunctions and altered pathophysiology and disease conditions such as inflammation, atherosclerosis, arthritis, cancer, Alzeihmer's diseases all involve oxidative stress (11) . Given that calebin A and curcumin were shown to exhibit dose-dependent antioxidant effects calebin A and curcumin may play a role in the management of conditions with a component of oxidative stress. Curcuminoids have demonstrated potential inhibitory activities towards many human drug metabolizing enzymes of the CYP family. Curcumin was found to be an inhibitor of CYP3A4 and demethoxycurcumin has been observed to be an inhibitor of CYP2C9 (20) . In this present study, calebin A was also found to inhibit CYP1A2 and CYP2D6 in vitro although no clinical studies have been conducted as to the relevance of this finding.
Finally, the evaluation of the methanolic extracts of selected comercially available products yielded detection of calebin A in all screened health products in this study. Despite some variability between products, it was possible to detect the compound in all the commercial health products investigated. The variability in the content of calebin A between products may be due the lack of standarized methods for analysis and quantification of commercial health products on the market.
CONCLUSION
In summary, an assay was developed for the detection of calebin A in commercial health products using RP-HPLC. Preliminary pharmacokinetic studies indicate that calebin A has poor oral bioavailability, a short half-life of ~ 2 hand is primarly cleared by non-renal mechanisms. Calebin A dosed orally and intravenously in rats resulted in the formation of glucuronidated metabolites. Calebin A appears to exhibit a variety of pharmacological activities and has the ability to inhibit CYPs similar to curcumin. The compound showed an antioxidant capacity that was equal to curcumin and a DDP IV inhibition potential that was lower than curcumin. Calebin A appears to be a non-selective cyclooxygenase inhibitor and also a poor lipoxygenase inhibitor. Calebin A was found in all turmeric-contaning natural health products that were investigated. Studies are onging in our laboratory to further characterize the pharmacokinetics and determine the bioactivity of calebin A and related compounds.
